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AFTERLOADER WITH ACTIVE FORCE II wfll be appreciated from ihc foregoing thai highly 

F1£EDBACK accurate positiooing of the source within the patient is 

essential to maximize the eSectiveness of the treatment 

BACKGROUND OF THE INVENTION while minimizing the damage to adjacent healthy tissue. It 

. I « . _ ,u J J . r .t. 5 will also be appreciated that the source must be advanced to 

This invenuon relates to mclhods and apparatus for the ,„aiment site as quickly as possible to minimize injury 

bandhpg and precjse positioning of radioacUve sources used ^eallby tissue along the catbeler leading from outside the 

in radiation oncology and mtravascular radiotherapy, par- fc^dy of the patient to the treatment site. 

ticularly to a device known as an afterloader, which t- „,„,•„,•„ ,„ „„.;„•„. .i,. „„k.i.« ,nH 

, ' . ui L • J- .• . .L '0 muunize trauma to sensitive tissue, the catlietets ana 

advances a wire or cable havmg a nid.oacuve source a the ^^^^^^^ ,h,i i„ ^^^^^^ ^h^^ ,„ be 

up aloijg a catheter or other closed pathway to . posmon " ^ .^.h eUcable. typically on the order of 0.5 milli- 

withm ^e body of a paUent for a predetermined penod of use\,f these small diameter sourcewires presents 

!i"*^u fr t ISenr "'^ P^"""* afterloader, for the smaU diameter 

vc source om e pa icn . ^.^^ h&vc sufficient column strength to be driven 

It is known in the medical field to use afterloader devices into the catheter unless the afterloader design incorporates 

in the treatment of cancerous tumors using radioactive special precautions to prevent buckling. These problems 

sources having intensity greater than that which can safely associated with the potential buckling of the sourcewire are 

be handled. Typically one or more catheters, needles, or compounded by the need for rapid advancement of the 

other closed pathways (hereafter "catheters") to the treat- sourcewire to avoid damaging healthy tissue, 

ment site are positioned in the patient. The catheters are then Another problem is presented that is unique to the IRT 

attached to the afterloader which advances the radioactive appUcalion. In order to reach the site where the PTCA has 

source at the end of the wire, somctmiescaUed a sourcewire, ^een performed, the IRT sourcewire must often follow a 

along the catheters accordmg to a predetermined sequence lortuouspathway through the narrow twisted openings of the 

calculated to dehvcr a therapeuUc dose of radiaUon to the ^.^^^^ arteries. In order to avoid blocking blood flow in 

25 these narrow openings, use of the smallest possible radiogu- 

Less welt known but rapidly gaining accepUnce is the use jdc catheter and sourcewire is often required. If; however, 

of radiation to prevent or inhibit restenosis following per- ihe tiny radioguide catheter becomes kinked or otherwise 

cutaneous transluminal coronary angioplasty (PTCA) or obstructed as it is implanted, unless the obstruction is 

other arterial lumen opening procedure. PTCA, also known detected, the afterloader may drive the sourcewire through 

as balloon angioplasty, is the predominant treatment for 3^ the wall of the catheter and even through the wall of the 

coronary vessel stenosis. Approximately 300,000 proce- patient's blood vessel, with dire consequences, 

dures were performed in the United States QJS,) in 1990 Accordingly, it is a principal object of the present inven- 

and an estimated 400,000 in 1992. The VS. maricet consti- Uoj, to provide an afterloader having an active force feed- 

tutcs roughly half of the total market for this procedure. The back to enable the afterloader to drive a sourcewire through 

increasing populanty of the PTCA procedure is attributable 35 ^ catheter or other pathway at the highest possible speed 

to its relatively high success rate, and its mmimal invasive- without risk of puncturing a catheter or buckling the 

ness compared with coronary by-pass surgery. Patients sourcewire 

treated by I^CA. however, suffer frorii a high incidence of Another significant object of the present invention is to 

restenosis, ^th about 35% of all patients requinng repeat ^^^j^e separate sourcewire storage means and drive means 

PTCA procedures or by-pass surgery, with attendant high ^ thereby facQitating the maintenance of a minimal fixed 

cost and added patient nsk. More recen atternpts to prevent distance between the drive means and the guide tube leading 

restenosis by use of dru^. mechanical Aivices, and other ^^^^^^ ^^^^ minimizing the chance of buckling 

experimental procedures have had hmited success. sourcewire 

Restenosis occurs as a result of injury to the arterial waU yet another significant object of the present invention is to 

durmg the lumen opening angioplasty procedure. In some 45 automatically provide information to the control system of 

patients, the mjury imUates a repair response that is char- ^^e afterloader concerning the idenUty of the catheter being 

actenzed by hyperplastic growth of the vascular smooth ^sed. thereby facilitating automatic adjustments of speed 

muscle cells in the region traumatized by the angioplasty. force responsive to the particular catheter. 
The hyperplasia of smooth muscle cells narrows the lumen 

that was opened by the angioplasty, thereby necessitating a 50 SUMMARY OF THE INVENTION 

repeat PTCA or other procedure to alleviate the restenosis. According to the present invention, an afterloader is 

Preliminary studies indicate , that intravascular radio- provided having a sensor to monitor the force being 

therapy (IRT) has promise in the prevention or long-term imparted to the sourcewire as it is being driven out of the 

control of restenosis following angioplasty. It is also afterloader into the catheter toward the treatment site. The 

believed that IRT may be used to prevent stenosis following 55 output of the force sensor is fed back to the control system, 

cardiovascular graft procedures or other trauma to the vessel comprising the circuitry and software that operates the 

wall. Aproposed IRT method disclosed in co-pending appli- afterloader drive mechanism. Responsive in part to the 

cation Ser. No. 08/057,322 is first to advance a flexible signal from the force sensor, the control system may increase 

catheter (radioguide catheter) through the cardiovascular or decrease the speed of advancement of the sourcewire or 

system of the patient until the distal tip is at or near the 60 may cause the sourcewire to be withdrawn. By providing a 

region of the vessel that has been subjected to the angio- force feedback to a controller, as opposed merely to limiting 

plasty procedure. Subsequently, a sourcewire is advanced, the maximum force imparted to the source wire, the maxi- 

preferably by an afterloader, along the radioguide catheter mum safe speed and force is applied to the sourcewire 

until the radiation source is disposed at the affected region. dynamically, thereby minimizing incidental tissue damage 

The radiation source is held at the affected region for a 65 and maximizing safety. 

predetermined treatment period calculated to deliver an Recognizing that different catheters may have different 

effective dose of radiation, then is withdrawn. coeflicients of friction or may have other attributes that 
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affect the maximuxD force that can safely be imparted to an in a sequence designed to simulate the treatment sequence as 

advancing sourcewire, an embodiment of the present inven- position data is recorded by the computer controller of the 

tion includes a scanner adapted to read information from the afterloader. After the treatment plan is verified by the 

catheter. Information from the catheter is used by the control fluoroscopic images, the treatment is executed automatically 

system to adjust the maximum safe speed and/or force 5 by the afterloader using the radioactive- tipped sourcewire. 

imparted to the advancing sourcewire. The afterloader comprises housing 10 which contains 

In an embodiment of the present invention the wire drive mechanism 20, storage feed mechanism 40 and storage 

storage means is separate from the drive system to faciUtate ^^^^}^ ^f^UL^K^'' J? ^^j^^?^ 

close placement of a wire guide adjacent to the drive system Jf ''"^''^^^ safe 70, A sourcewire 62, not shown m 

to reduce chances of buckling the sourcewire and to mini- lO F^G- 1 having proximal and distal ends is stored with the 

mize wire degradation resulting from frictional wear. '^f'^^T'i ^'^l ^^""i^""^ "^^"^ ^'''f 

. , ,. , . . . safe 70. In the stored connguration, the remainder of 

Id yet another einbodiment of the present mvenuon, sourcewire 62 passes through guide tube 12, around the 

particularly suited to low penetraUon sources, such as sub- ^^^^ ^^eel 22 of drive mechanism 20, through transfer tube 

stantially pure beta particle emitters, the dnve mechamsm ^^^j encoder wheel 42 of storage feed mechanism 40 

and wire storage means are incorporated into a readily and into the open distal end 66 (shown in phantom lines) of 

removable cassette. Use of a cassette enables the sourcewire „„„ ,„be 60. The proximal portion of sourcewire 62 is 

to be exchanged by relatively undcilled workers as opposed contained in storage tube 60 with the proximal tip of 

to highly trained technicians. sourcewire 62 extending out of proximal end 68 of storage 

BRIEF DESCRIPTION OF THE DRAWINGS ^° ^ Position, the proximal tip of 

sourccwu-e 62 is m contact with or otherwise m a position to 

The above and other objects, aspects, features and atten- trigger active park switch 64. 

dant advantages of the present invention will become appar- Drive wheel 22 of drive system 20 comprises a thin 

_ cnt from a consideration of the ensuing detailed description cylindrical di^ having a single groove in the outer circum- 

L3 of presently preferred embodiments and methods thereof, 25 ferential surface thereof adapted to receive the sourcewire 

i,Q taken in conjunction with the accompanying drawings, in 62. The drive wheel 22 is mounted in low friction bearings 

:[ H which: to a carriage 24 and driven via conventional means such as 

J' FIG, 1 is a left side view of an embodiment of the present ^ cogged belt by drive motor 30, which comprises a 

invention with a portion broken away to reveal the conventional stepper or servo motor. Endless belt 16 is 

sourcewire storage and drive systems; 30 disposed about capstans 28 and drive wheel 22 and ten- 

YU FIG. 2 is a plan view of a slidable catheter force sensor lensioner solenoid 34, which comprises a con- 

according to the present invention; ^^"^^ which biases a capstan 28 

"■4 , . , . ^ ^ away from dnve wheel 22. Endless belt 16 holds sourcewire 

.,5, nG.3 isa plan viewof adirectionchangmgcapstanforce ^2 firmly in the groove in drive wheel 22. Carriage 24 is 

' - sensor accordmg to the present invention; pivotally mounted to housing 10 by pivot 26, preferably with 

FIG, 4 is a right side view of the embodiment of FIG. 1 the axis of pivot 26 along the axis of sourcewire 62 at its 

US, with a portion broken away to reveal the dummy wire point of departure from drive wheel 22 into transfer tube 14. 

storage and drive systems; Attached to carriage 24 is force sensor 32, which may be a \ 

FIG. 5 is an enlarged left side view with a portion broken conventional piezoelectric or strain gauge load cell. As |^ 

^ ^ away to reveal a sourcewire storage and drive system 40 sourcewire 62 is advanced into guide tube 12, the force 

according to an alternate embodiment of the present inven- being imparted to sourcewire 62 generates a moment about 

tion; pivot 26 of carriage 24 which is measured by force sensor 

HG. 6 is the enlarged left side view of FIG. 5 with By aligning the pivot 26 with the transfer tube, the 

•'^ additional portions broken away to reveal additional details ^^^^^ ^^^^^ required to retrieve the sourcewire from 

of the sourcewire storage and drive system of FIG. 5; 45 the storage tube 60 arc eliminated. Preferably, the total mass 

FIG. 7 is a partial cross sectional view of the sourcewire ?^ ^^P* *° " minimum to minimize the 

storage and drive system of FIG. 5 taken at Hne 7-7; and "'^^'^"^ ^.^^f ^'^"^c mass on the measurement of 

sourcewire force. 

FIGS. 8A and 8B is a side view illustrating a removable t« i*— . j- . m • 

. , J J • . In an alternate embodiment, dnve motor 30 is a servo 

cassette sourcewire storage and dnve system. * j r • » 

* ' 50 motor and force sensor 32 composes a conventional current 

DESCRIPTION OF PREFERRED measuring circuit that monitors the current required by drive 

EMBODIMENTS AND METHODS "^^^^J sourcewire 62. Since the current 

required by a servo motor is proportional to the torque 

FIG. 1 is a side view of the left side of an afterloader produced by the motor, measurement of current gives an 

embodying features of the present invention with portions 55 indication of the torque (force) being imparted to the 

broken away to reveal features of the sourcewire drive sourcewire. However, this method may introduce some 

system. The invention comprises an improvement over the measurement error because unless otherwise compensated, 

afterloader of U.S. Pat. No. 5,092,834 to A. Bradshaw, et al. the torque measurement would include the effects of the 

the specification of which is incorporated herein by this torque required to retrieve the sourcewire from the storage 

reference (the *834 patent). As disclosed in the aforemen- 60 tube 60. 

tioned patent, in a typical treatment scenario, a catheter or It should be understood that any method that measures 

other guide is implanted in the patient and guided to the site force in the wire, as opposed to merely limiting that force, 

to be treated. A dummy sourcewire having a radio-opaque is within the scope of this invention. Accordingly, as shown 

tip or other similar non-radioactive wire is then advanced to in FIG. 2, the force sensing mechanism may comprise a 

the maximum treatment distance and retracted to verify that 65 catheter adapter 300 slidably mounted in Uirret 80 and 

the channel in the catheter is unobstructed. Under fluoros- attached to die proximal end of a treatment catheter 304. The 

copy or other imaging process, the dummy wire is advanced force imparted to the wire will tend to move catheter adapter 
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300 out of turret 80. A forcse sensor 32 adapted to resist conventional mechanical switch with a low friction bearing 

movement of catheter adapter, such as a conventional strain at the tip, which rides along the surface of sourcewire 62 as 

gauge fixed to an end of a pivolally mounted retainer 302, it moves into and out of storage tube 60. In the event that the 

measures the reactive force for input to the control system. controller were to fail, or the sourcewire were to break inside 

Similarly, as shown in FIG. 3, force sensing may be accom- 5 the storage tube, or if some other failure were to occur that 

plished by passing the wire over a direction changing could allow the sourcewire to advance beyond the end of the 

capstan 310 in such a way that the wire changes direction. encoder, the overtravel switch 73 would detect an end of the 

Roller 310 is pivotally mounted on a subframe 312 which is sourcewire 62 and stop the main drive mechanism 20 from 

slidably or pivotally motmted to housing 10 with the linear advancing the sotu'cewire further. 

or pivotal motion resisted by force sensor 32. The force Radiation safe 70 comprises a suitable radiation shielded 

exerted on the wire is reacted against subframe 312 and compartment such as a lead sphere or tungsten cylinder of 

sensed by force sensor 32. appropriate size having a tubular guide channel 72 that 

It should be noted that by providing a drive wheel 22 that follows an arcuate path of substantially 90 degrees there- 
is separate from the wire storage means, the sourcewire has through. Guide tube 12 is attached to the lower opening of 
a fixed point of departure from the drive wheel, thereby jj the guide channel 72, The upper opening of guide channel 72 
facilitating close proximity between guide tube 12 and the is attached to an upper tubular extension 74 of " Y" connec- 
point of departure of sourcewire 62 from drive wheel 22. tor 82. "Y" connector 82 is, in turn attached to an output 
Minimizing the amount of sourcewire that is exposed guide 76. Preferably "Y" connector 82 is configured so that 
between the drive wheel and the guide tube minimizes the upper tubular extension 74 is held along a common axis with 
chances of sourcewire 62 buckling as it is driven into guide output guide 76 so that the sourcewire 62 does not have to 
tube 12. negotiate an additional bend as it traverses "Y" connector 

Opposite drive wheel 22 from guide tube 12 is transfer 82. Mounted at the end of output guide 76 of "Y" connector 

tube 14 which guides sotirccwire 62 from the drive wheel 22 82 is a turret assembly 80, the general operation of which is 

f to the encoder wheel 42 of storage feed mechanism 40. described in the aforementioned '834 patent. 

Opposite encoder wheel 42 from transfer tube 14 is distal 25 Preferably, a scanner 81 is incorporated into turret assem- 

end 66 of storage tube 60. Storage tube 60 comprises a single bly 80. Catheters approved for use with the afterloader 

continuous or a plurahtyofindividual stainless steel tubes or apparatus would contain machine readable information 

other low friction channels which are attached to housing 10 including the type of catheter, the catheter length, balloon 

as described in the foregoing '834 patent. Encoder wheel 42 length and location, and inventory control number which, as 

comprises a thin cylindrical disk having a single groove in 30 each catheter is inserted into the turret assembly, would be 

the outer circumferential surface thereof adapted to receive automatically scanned and inputted into the control system 

the sourcewire 62. The encoder wheel 42 is mounted in low 100, which comprises electronic hardware and software for 

friction bearings to a sub housing 43, Capstans 48 are dis- controlling the functions of the afterloader (representatively 

posed about the outer circumferential surface of encoder shown in FIG. 4). Preferably, the information would be fixed 

wheel 42 to urge sourcewire 62 against the surface of 35 in the form of a bar code or similar external coding which 

encoder wheel for a positive rolling engagement therewith. would be read by a conventional optical bar code reader. 

Alternately, a second endless belt similar to belt 16 may be Alternately, a semiconductor chip with the same information 

incorporated in lieu of capstans alone to urge sourcewire 62 embedded in the catheter would be read by a compatible 

against encoder wheel 42. scanner. The scanner 81 may also be separate from ttirret 

Encoder wheel 42 drives a conventional shaft encoder to 40 assembly 80, such as a conventional hand-held bar code 

measure displacement of the sourcewire 62. It should be reader, or a fixed bar code reader adjacent to the turret 

noted that by using the word encoder, it is not intended to assembly 80, In this alternate embodiment, the catheter 

limit the invention to conventional shaft encoders, but any information would be read typically prior to insertion of the 

displacement measuring apparatus. Encoder wheel 42 also catheter into turret assembly 80, 

serves as the drive wheel for an emergency retract motor 45 Mounted along upper tubular extension 76 of "Y" con- 

which operates in the event of a failure of the main drive nector 82 is active home sensor 84, which comprises an 

mechanism and also serves as the drive wheel for a manual optical or mechanical switch adapted for detecting the 

retraction system which can be engaged to retract a presence or absence of sourcewire 62 in upper tubular 

sourcewire in the event of a total failure of all power and extension 74. In the embodiment of FIG. 1, the active home 

backup power systems or similar catastrophic failure. In the 50 sensor 84 comprises a switch of generally similar construc- 

event of a failure of the main drive, emergency retract motor tion and operation as overtravel switch 73. The function of 

44, which comprises a conventional stepper or servo motor, active home sensor 84 is to detect the distal end of 

engages encoder wheel by conventional means, such as by sourcewire 62 as it is advanced out of safe 70 toward turret 

engaging a clutch mechanism normally held disengaged by 80. The information from home sensor is inputted into 

retract solenoid 45, to drive sourcewire 62 into storage tube 55 control system 100 to provide an accurate indication of the 

60. In the event of a total system failure, manual retract position of the source of sourcewire 62 as it is fed into the 

sprocket 46 can be engaged and turned by hand to retract the catheter attached to turret 80. 

source wire from the patient. Manual retract sprocket may be Attached to the lower opening of "Y" connector 82 is 

equipped with a conventional one-way clutch or similar dummy wire guide 78, which comprises a stainless steel tube 

mechanism to prevent the manual retract mechanism from 60 or similar channel for guiding a dummy sourcewire 63 from 

being operated to advance, rather than retract, the «Y" connector 82 to dummy wire drive 90 (shown in FIG. 

sourcewire 62. 4). Mounted along dummy wire guide is dummy wire home 

Proximal to the distal end 66 of storage tube 60 is active sensor 52, which comprises an optical or mechanical switch 

overtravel switch 73, which comprises an optical or adapted for detecting the presence or absence of dummy 

mechanical switch adapted for delecting the presence or 65 sourcewire 63 in dummy wire guide 78. In the embodiment 

absence ofsourcewire 62 at a location proximal to distal end of FIG. 1, the dummy wire home sensor 52 comprises a 

66. In the embodiment of FIG. 1, the switch comprises a switch of generally similar construction and operation as 



5,851,172 

7 8 . 

overtravel switch 73. When dummy wire home sensor 52 radiation monitoring device is properly connected and 
detects the presence of the tip of dummy wire, this infor- probed for proper function by radiation monitoring circuitry 
mation is inputted into control system 100 to provide an 130. If remote device 134 is functioning properly, 
accurate indication of the position of the dummy source of source wire 62 is advanced briefly and a measurement taken 
dummy sourcewire 63 as it is fed into the catheter attached 5 by remote device 134. If the measurement is within accept- 
to turret 80. able limits, the modular radiation shielding has been prop- 
Referring now to FIG. 4, which comprises a view of the erly installed and the treatment is allowed to commence. If, 
right interior side of an afterloader incorporating features of however, the measurement exceeds acceptable limits the 
the present invention, dummy wire guide 78 continues sourcewire 62 is immediately withdrawn into radiation safe 
generally downward to dummy drive mechanism 90, which operator alerted to the fault condition (e.g. by 
comprises a simUar drive mechanism as active drive mecha- sounding audible alarm 140). 

nism 20, except that since the dummy drive system docs not In use, after the non-radioactive dummy sourcewire has 
incorporate an emergency retract feature, the drive belt of been advanced and the appropriate distance treatment inter- 
dummy drive mechanism does not require a tension release vals and other infonmation programmed into the control 
mechanism. Accordingly, it is tensioned by a simple elastic 35 system as discussed in the aforementioned '834 patent, the 
member, such as a spring, rather than a solenoid system. The active sourcewire is advanced from the safe into the catheter 
remainder of the elements of the dummy sourcewire drive/ at a rate of up to about 100 centimeters per second. As the 
storage system function in a manner similar to the corre- sourcewire 62 advances, the control system interrogates the 
sponding elements of the active sourcewire drive/storage force sensor 32 at intervals of approximately 0.3 millime- 
system with the dummy sourcewire transferred by transfer 20 control system compares the force readings to a 
tube 54 to encoder wheel 112 of dummy wire storage feed predetermined force profile which has been preprogrammed 
mechanism 110 and into an open distal end 56 of dummy into the control system based on, among other things, the 
wire storage mbe 58. As with the active drive system, a type of catheter and the treatment being performed. The 
dummy overtravel sensor 120 detects an end of the dummy control system makes adjustments to the speed at which the 
sourcewire to prevent a broken wire or other malfunction 25 sourcewire 62 advances at the same 0.3 millimeter intervals 
from disengaging the dummy sourcewire from the encoder to keep the speed of advancement at the highest possible rate 
and drive mechanism. Similarly, dummy park switch 122 while maintaining the force level within the predetermined 
detects the proximal end of the dummy sourcewire to force profile. Since the time between measurements and 
confirm that is has been fully retracted. corrections is a function of distance, the rate of 
Also shown in FIG. 4 is a representation of computer 30 measurements/corrections is dynamic with respect to wire 
control system 100 and radiation monitoring circuitry 130. velocity. At a velocity of 100 centimeters per second, for 
The function of computer control system 100 is generally example, a 0.3 millimeter measurement interval translates to 
similar to the function described in the foregoing '834 patent a force reading and corresponding speed adjustment occur- 
except for the addition of functional blocks to receive and about every 300 microseconds, 
respond to information from bar code scanner 81 and force 35 It should be understood, however, that the scope of the 
feedback sensor 32 and other conventional changes that do invention is not limited to measurement and/or adjustment 
not constitute a part of the present invention. Radiation intervals of 0.3 millimeters. The precise distance interval at 
monitoring circuitry 130 serves two important functions, which a measurement is taken and a correction made 
internal and external radiation monitoring. Circuit 130 depends primarily on the material and thickness of the 
monitors internal radiation using a radiation monitoring 40 catheter being used. The interval chosen must be short 
device 132, comprising a conventional Geigcr-Mueller tube, enough to permit the afterioader to respond to the increased 
silicon diode or similar radiation monitoring device, which force caused by a sourcewire beginning to puncture a 
senses radiation as the active wire is advanced out of catheter quickly enough to stop advancement of the 
radiation safe 70 and confirms that the source is no longer sourcewire before it has passed through the thickness of the 
shielded. Radiation monitoring circuitry 130 communicates 45 catheter wall (including any stretching of the catheter), 
this information to control system 100. Similarly, radiation Accordingly, measurements must be taken at shorter dis- 
monitoring device 132 senses that the radiation is present tance intervals where thin walled and/or relatively non- 
during the treatment, senses the increase in radiation as the deformable catheters arc employed. Measurements can be 
source is retracted toward the safe 70 after treatment, and taken at longer distance intervals where thick walled and/or 
senses a rapid drop in radiation as the source is vsdthdrawn 50 highly deformable catheters are employed, 
into the safe. The information from radiation monitoring Although the preferred method is to take measurements at 
circuitry 130 is correlated to determine if the radiation fixed distance intervals, a fixed time interval also may be 
behavior was within acceptable boundaries. If the radiation used. Preferably, if a fixed time interval is used, it should be 
behavior is outside acceptable limits, indicating that the at least as short as the time interval of the fastest wire 
source has not properly retracted into the safe, or that the 55 velocity for the particular catheter being employed, again to 
source is no longer present at the tip of the source wire (for ensure that the afterloader can respond before the wire can 
example if the source has broken oS inside the patient) puncture a catheter. 

control system 100 alerts the operator to the fault condition in addition to the preprogrammed force profiles, the 
so thai remedial measures can be taken. control system responds to sudden changes and absolute 
Depending on the intensity of the radiation source used, 60 force limits. In the event the force measurement rises 
it may be necessary to provide radiation shielding around the abruptly or exceeds an absolute threshold, the advancement 
treatment area. Accordingly, in an embodiment of the is immediately arrested but the force measurements continue 
present invention, a modular system of shielding would be at regular intervals. If the force measurements indicate a 
provided. To ensure that the modular shielding is properly gradual reduction in the load on the sourcewire, the con- 
installed, a remote radiation monitoring device 134 is placed 65 troller recognizes this as a tight curve and resumes advance- 
outside the treatment area. A fail safe circuit prevents the menl of the sourcewire. If, however, after a predetermined 
active sourcewire 62 from being advanced unless remote period the load on the sourcewire does not fall off, the 
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controller recognizes this as an obstruction or impending sourcewirc 62 is within safe 70. Accordingly, limit switch 

catheter breach and initiates retraction of the sourcewire. 224 functions analogotisly to active park switch 64 of the 

FIG. 5 is a plan view ofan alternate embodiment of a wire embodiment of FIGS. 1-4. Similarly limit switch 222 is 

drive/storage system according to the present invention, in contacted if sourcewire 62 is overextended. Accordingly, 

which like elements have like numbers to the embodiment of 5 limit switch 222 functions to some extent analogously to 

FIGS. 1^. The drive mechanism 20 includes carriage 24, active overtravel switch 73 of the embodiments of RGS. 

drive wheel 22 driven by drive motor 30. and endless belt 16 1^ to detect a condition when the controUer is overadvanc- 

tensioned by tension solenoid 34 about capstans 28 via ^ the sourcewire. Optionally, an overtravel switch that 

tensioner arm 35. Carnage 24 is pivotally mounted by pivot ^sence of the sourcewire in transfer tube 16 may 

26. which IS ahgned with the axis of Uansfer tube 14. be incorporated in addition to limit switch 222 as an added 

Carriage 24 is free to rotate about pivot 26 subject to the ^^^^^^^^ ^ ^^^^^ ^ ^^^^^^ sourcewire. 

constraint of force sensor 32. In the present embodiment, „ . r . . 

drive motor 30 is actually a combination motor with afterloaders typically requure source wires to be 

encoder, thereby aUowing the rotation of motor 30. and P*^*=^,^ ^'^Shly trained technicians, who manually load 

therefore indirecdy the advancement of sourcewire 62. to be replacement sourcewires into the afterloader and verify 

monitored. An optional redundant encoder 150 direcUy proper funcUon of the systems that monitor the sourcewire 

contacts the sourcewire 62 as it passes from the drive location within the afterloader wire storage means. Where 

mechanism to the radiation safe 70. Sourcewire 62 is biased 1^°^ ^"^^^ ^^^^^ ^ ^ necessarily 

against the capstan of redundant encoder 150 by redundant frequent replacement of sourcewire by trained technicians 

encoder engagement solenoid 152. present a significant cost. Accordingly, a readily 

HG. 6 is the plan view of HG. 5 with additional portions '° replaceable sourcewire would be especially useful where 
broken away to reveal additional details. FIG. 7 is a partial ^""'^^ ^"^^ ^ 
cross-sectional view of the embodiment of FIG. 5 taken at ^ shown in FIGS. 8A and 8B, the compact storage 
line 7—7. Referring to FIG. 6, the wire storage means system of FIGS. 5-7 may readQy be configured as a readily 
comprises a take up reel mechanism 160 which comprises a ^ replaceable modular drive "cassette." In the cassette after- 
flanged cylindrical drum 162 having a flat or grooved outer loader configuration of FIG. 8A and 8B. the storage and 
circumferential surface and a fixed shaft 172 therethrough. ^^ive systems are contained on a readily detachable sub- 
The proximal end of sourcewire 62 is attached to a fixed removed from the afterloader 
attachment point 170 of drum 162. An endless belt 164 is housing containing the control system and other systems, 
disposed between a plurality of capstans 168 and the outer 33 cassette includes the sourcewire drive and storage 
circumferential surface of drum 162 between the flanges 180 systems, radiation safe, and also includes the sourcewire 
(FIG. 7) of drum 162. Storage drive motor 166, comprising position monitoring devices which are, preferably, adjusted 
a conventional stepper or servo motor drives drum 162 by verified by the manufacturer before the cassette is 
conventional means in synchronous operation with drive shipped to the user. Because the sourcewire is already loaded 
wheel 22 as controlled by control system 100. Position 35 "ito the drive and the function of the sourcewire monitoring 
feedback is provided by an encoder integral to or conven- devices verified before the cassette is delivered to the user, 
tionally attached to drive motor 166. can be installed by a relatively unskilled employee. 

Shaft 172 of drum 162 has a threaded end 174, which is Although certain preferred embodiments and methods 

threaded through a threaded bearing 156 fixed to a subframe have been disclosed herein, it will be apparent from the 

154. Preferably, the lead of threaded end 174 is approxi- 40 foregoing disclosure to those skilled in the art that variations 

mately equal to the diameter of sourcewire 62 such that ^rid modifications of such embodiments and methods may 

drum 162 is advanced toward or away from subframe 154 a be made without departing from the true spirit and scope of 

distance equal to the diameter of sourcewire 62 for each invention. Accordingly, it is intended that the invention 

revolution of drum 162. According to this arrangement, shall be limited only to the extent required by the appended 

sourcewire 62 will lay flat against the surface of drum 162 45 claims and the rules and principles of applicable law. 

without overlapping itself and, more importantly, so that the What is claimed is: 

point of departure of sourcewire 62 from drum 162 relative 1- An apparatus for advancing a radioactive source into 

to transfer tube 14 remains fixed regardless of the quantity ^^rid out of a catheter implanted in the body of a patient 

of sourcewire stored on the drum. comprising: 

Shaft 172 of drum 162 also has a splined end 176. which 50 a housing adapted to receive an end of said catheter; 

engages wire position limit mechanism 200. Limit mecha- an elongate lead adapted to support the radioactive source 

nism 200 comprises a multiple pass, low backlash gear at an end thereof; 

reduction mechar^m comprising a fi^t pinion 210 fixed to ^^ans mounted to said housing for storing said elongate 

outer spline 178. Pinion 210 dnves a first gear 212 which is j^^j. ,000 

fixed to a second pinion 214 which, in turn, drives a second 55 j • ' u • . j . • j l • r j 

gear 216 which is fixed to output shaft 218. Fixed at the end " mechanism mounted to said housmg for advancing 

of output shaft 218 is arm 220, which rotates responsive to ^'^^^^^^ ^"^^ ""^^^^'^''^ 

rotation of shaft 218 to contact at both ends of its travel limit ^ ^^^^^ sensor for detcctmg force required to advance said 

switches 224 and 222 (FIG. 5), which comprise conven- elongate lead into said catheter and for generating an 

tional mechanical or optical switches. By virtue of the 60 output signal indicative of said force; 

multiple pass gear reduction, arm 220 rotates approximately an encoder for determining displacement of said elongate 

Vi revolution responsive to the fiill extension of sourcewire lead and for generating an output signal indicative of 

62. Alternately, a micro chain, cogged belt or similar highly said displacement; and 

precise shaft reduction mechanism may be used to provide an electronic control system comprising circuit means 

the appropriate reduction between shaft 172 and shaft 218. 65 responsive to the signals from said force sensor and 

limit switch 224 is contacted when sourcewire 62 is fuUy from said encoder for controlling advancement of said 

retracted onto drum 162 and the radioactive tip of elongate lead into and out of said catheter. 
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2. TbeapparatusofclaimlwhereiD said drive mechanism mounted to said housing and wherein said force sensor 
comprises a cylindrical disk having a single groove of one comprises a load cell adapted to sense a force tending to 
revolution disposed on an outer surface thereof, said disk displace said direction changing capstan. 

being rotated about an axis thereof, said groove adapted for 18, The apparatus of claim 1 further including a catheter 

receiving said elongate lead from said storage means and 5 receiver for storing a plurality of catheters, at least one of 

advancing said elongate lead into said catheter, said elongate gajd catheters having catheter information associated 

lead contaclmg said groove for at least about 10 degrees of therewith, a scanner for reading the catheter information, 

^^^* _ i: 1 . ^ . . 1 electronic control system including further circuit 

3. The apparatus of clami 2 further mcludmg: jjjeans responsive to said catheter information for control- 
a guide tube for preventing buckling of said elongate lead, ling advancement of said elongate lead into and out of said 

said guide tube having an open end fixed at a point catheter. 

proximal to a point where said elongate lead exits said 19. apparatus of claim 18 wherein said catheter 

groove tangent to said cylindrical disk as said elongate information is afiSxed to said at least one catheter. 

lead is advanced into said catheter. 20. The apparatus of claim 18 wherein said scanner is 

4. The apparatus of claim 3 further including: 35 incorporated into said catheter receiver. 

a second guide tube for preventing buckling of said 21. The apparatus of claim 1 further including a radiation 

elongate lead, said second guide tube having an open safe for storing said radioactive source when not in use and 

end fixed at a point proximal to a point where said further including an internal radiation sensor for verifying 

elongate lead exits said groove tangent to said cylin- location of said radiation source within or without said 

drical disk as said elongate lead is retracted from said 20 radiation safe. 

catheter and conveyed to said lead storage means. 22. The apparatus of claim 1 further including a shield 

5. The apparatus of claim 2 further including means for external to said housing and an external radiation sensor for 
urging said elongate lead against said groove. verifying the radioactive integrity of said shield. 

6. The apparatus of claim 5 wherein said urging means 23. The apparatus of claim 19 wherein said catheter 
comprises an endless belt disposed between a plurality of 25 information comprises a bar code affixed to at least some of 
capstans and said outer circumferential surface of said said catheters. 

cylindrical disk. 24. The apparatus of claim 19 wherein said catheter 

7. The apparatus of claim 1 further including: information comprises a semiconductor chip embedded in at 
a plurality of capstans adjacent to said outer circumfer- least some of said catheters. 

entialsurfaceof said cylindrical disk for retaining said 30 25. The apparatus of claim 19 wherein said catheter 

elongate lead in said groove. includes a balloon afi5xed to said catheter, said catheter 

8. The apparatus of claim 1 wherein said storage means information including any of the type of catheter, the cath- 
comprises an elongate mbe moimted to said housing and eter length, the catheter balloon length, the location of the 
having an opening proximal to said drive mechanism. catheter balloon along the length of the catheter and an 

9. The apparatus of claim 1 wherein said storage means 35 inventory control number, 

comprises a substantially cylindrical drum having an outer 26. The apparatus of claim 1 wherein said circuit means 

cylindrical surface and being rotated about an axis thereof, is responsive to said output signal of the force sensor to 

said storage means further including means for displacing arrest advancement of said elongate lead when said output 

said drum along said axis responsive to rotation of said dmm signal exceeds a predetermined value or rate of change, 

for urging said elongate lead to wind fiat against said dmm 40 27. The apparatus of claim 1 wherein said circuit means 

without overlapping. includes means for interrogating the output signal generated 

10. The apparatiis of claim 9 further including means for by the force sensor at predetermined intervals of displace- 
urgjng said elongate lead against said outer cylindrical ment of said elongated lead or at predetermined time inter- 
surface of said drum. vals. 

11. The apparatus of claim 9 wherein said urging means 45 28, The apparatus of claim 1 further including a catheter 
comprises a plurality of capstans. receiver for receiving said catheter, said catheter having 

12. The apparatus of claim 9 wherein said urging means catheter information associated therewith, a scanner for 
comprises an endless belt disposed between a plurality of reading the catheter information, said electronic control 
capstans and said outer circumferential surface of said dmm. system including further circuit means responsive to said 

13. The apparatus of claim 1 wherein said drive mecha- 50 catheter information for controlling advancement of said 
nism and said storage means are housed in a separate unit elongate lead into and out of said catheter. 

that is readily detachable from said housing. 29. The apparatus of claim 28, wherein said scanner is 

14. The apparatus of claim 1 wherein said drive mecha- incorporated into said catheter receiver. 

nism is pivotally attached to said housing and said force 30. The apparatus of claim 1 wherein said force sensor 

sensor comprises a load cell mounted along the axis of said 55 includes means for monitoring, a characteristic of said drive 

elongate lead exiting said drive mechanism as it is advanced mechanism for advancing said elongate lead into said cath- 

toward said catheter. eter. 

15. The apparatus of claim 13 wherein said pivotal 31. The apparatus of claim 30 wherein said drive mecha - 
attachment is substantially along the axis of said elongate nism includes a drive motor, said monitoring means com- 
lead entering said drive mechanism as it is advanced out of 60 prising a current measuring circuit for monitoring the cur- 
said storage means. . rent supplied to said drive motor. 

16. The apparatus of claim 1 wherein said catheter is 32, An apparatus for advancing a radioactive source into 
slidably attached to said housing and said force sensor and out of a catheter implanted in the body of a patient 
comprises a load cell adapted to sense a force tending to comprising a housing, an elongate lead adapted to support 
displace said catheter. 65 the radioactive source at an end thereof, a modular drive 

17. The apparatus of claim 1 further including a direction cassette replaceably mounted to said housing, said modular 
changing capstan, said direction changing capstan slidably drive cassette having means for storing said elongate lead 
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and drive means for advancing said elongate lead into said 
catheter and nseans for attaching and detaching said modular 
drive cassette to said housing for ready replacement of the 
cassette with another cassette having a new elongate lead 
with a radioactive source at the end thereof. 5 

33. The apparatus of claim 32 including a force sensor for 
detecting the force required to advance said elongate lead 
into said catheter and for generating an output signal pro- 
portional to said force, an encoder for determining displace- 
ment of said elongate lead and for generating a signal lO 
indicative of said displacement and a control system com- 
prising circuit means responsive to said signals for control- 
ling advancement of said elongate lead into and out of said 
catheter in proportion to the output signal generated by said 
force sensor. 15 

34. The apparatus of claim 33 wherein said circuit means 
is responsive to said output signal of the force sensor to 
arrest advancement of said elongate lead when said output 
signal exceeds a predetermined value or rate of change. 

35. The apparatus of claim 33 wherein said circuit means 20 
includes means for interrogating the output signal generated 
by the force sensor at predetermined intervals of displace- 
ment of said elongated lead or at predetermined time inter- 
vals. 

36. An apparatus for advancing and retracting a radioac- 25 
tive source into and out of the body of a patient comprising: 

a frame; 

an elongate lead adapted to support the radioactive source 

at an end thereof; 
means mounted to said frame for storing said elongate 

lead; 

drive means mounted to said frame for advancing said 
elongate lead along a path of travel into the patient; 

a force sensor for detecting the force required to advance 35 
said elongate lead into the patient and for generating an 
output signal proportional to said force; and 

circuit means responsive to the output signal of said force 
sensor for controlling advancement of said elongate 
lead into the patient in proportion to the output signal 40 
generated by said force sensor. 

37. The apparatus of claim 36 including an encoder for 
determining displacement of said elongate lead along the 
path of travel. 

38. The apparatus of claim 36, including a housing for ^5 
supporting said frame, said elongate lead being stored in a 
cassette, and means mounted to said bousing for replaceably 
attaching said cassette to said housing. 

39. An apparatus for advancing a radioactive source along 

a tortuous path to a target site in the body of a patient 50 
comprising: 

a housing adapted to receive a proximal end of a catheter 
implanted in the patient along said tortuous path with a 
distal end of the catheter at or near the target site; 

an elongate lead having a proximal end and a distal end, 
said radioactive source being secured at the distal end 
of the lead; 
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a radiation-proof safe coupled to said housing for storing 
at least the distal end of the lead when not advanced 
into the patient; 

drive means mounted to said bousing and secured to the 
proximal end of the lead for selectively advancing the 
distal end of the lead from the safe and into the catheter 
via the housing, and for selectively retracting the distal 
end of the lead into the safe; 

a force sensor for detecting the magnitude of the force 
exerted by the drive means on the lead during advance- 
ment of the distal end thereof through the catheter and 
for generating an output signal indicative of said force; 
and 

feedback control means responsive to the magnitude of 
the exerted force detected by the force sensor for 
adjustment thereof to prevent buckling of the lead or 
puncture of the catheter when the distal end of the lead 
encounters obstructions or curves in the tortuous path 
during advancement thereof through the catheter. 

40. An apparatus for advancing a radioactive source into 
and out of a catheter implanted in a patient, comprising an 
elongate lead having said radioactive source secured at the 
distal end thereof, drive means for advancing and retracting 
the distal end of said lead into and from the catheter, a 
modular cassette replaceably moimted to said drive means 
and including means for storing at least the distal end of the 
lead in a radiation-proof safe, and means for attaching and 
detaching the modular cassette to the drive means for ready 
replacement of the cassette with another cassette having a 
new elongate lead with radioactive source at the distal end 
thereof. 

41. A method of advancing a radioactive source along a 
tortuous path to a target site in the body of a patient, 
comprising: 

implanting a catheter in the patient along said tortuous 
path with a distal end of the catheter at or near the target 
site; 

storing at least the distal end of an elongate lead having 
said radioactive source secured at the distal end thereof 
in a radiation-proof safe when not advanced into the 
patient; 

selectively advancing the distal end of the lead from the 

safe and into the catheter; 
detecting the magnitude of the force exerted on the lead 

during advancement of the distal end thereof thrbugh 

the catheter; 

responding to feedback of the magnitude of the detected 
exerted force to adjust the exerted force to prevent 
buckling of the lead or puncture of the catheter when 
the distal end of the lead encounters obstructions or 
curves in the tortuous path during advancement thereof 
through the catheter; and 

selectively retracting the distal end of the lead into the 
safe after completing a procedure therewith. 



